1 '1 JAN 2006 - 1 PROCESS FOR PREPARI NG SULPHURI C IVETHACRYLA’VI’D%@%
DEVI CE FOR | MPLEMENTING I T The present invention relates to a pro S gr
preparing sul phuric nethacryl am de from acetone cyanohydrin and also to a
device for carrying out this processl Sul phuric met hacryl am de or

met hacryl am de sul phate [CH2=C (CH3) -CONH2, H2SO4] is an internediate
product whi ch PBOCESSTEDRY PREPARANGY SELOHORICE MErHARRY AR TR Liﬁbolcrgnmd
water. it is known practic r r PAUTTC “Ter nacryramn oe (

acet one cyanohydrin and C?E\SJ[%Q?J E‘Bgd?yg}d% 3 FING LT Thi's preparation
general ly conprises the reaction of bacetonedcyanghyd[]lg with cgn;:entr_aégd
sul phuric aeid t L a-k | SO ram de and a- hydroxyi so ram
sul Bhate. T%gge %yrmégc%rﬁtpouEégégéébﬁhe%%giteg’d thoOgi Fe %Hﬂ%e?/ﬁﬁi cgc’ii

met hacr yl anPgepariggch sudmdpariat i omeétthddwy lsubijdeet of rémenchcpabast  No.

1 529 440 ipywhbebak-Sndessy | procass with . stagl of the .
i nt roduct i on” of gge!trgﬁe glyan%ﬁ%d?? n,g con}%}ré%s:%r?é acaagrgy%nl% (\)/biq?_(:?ﬁhhﬁetone
cyanohydri nPFSCRPRed with sul phuric acid using a sul phuric acid/ acetone
cyanohydrin nolar ratio at Igast egual to é ﬁ da ;s_tep bl nhwhlt_ch thgcetone
m xt ure obt gi ned above is subjected to a dehydration | eati ng,
cyanohydr i nngnggﬁc aa‘ﬁéldlatcgy RELAEactQron MRk Bl 0 AgtPhathave a

sul phuri c ac¢tCHiey arrhy-dIONH, NEL 80, ] atd e dfntEweEEraddafrod)canghidhnal 'y,

the reaCtiOQiggétHégh&i %%%kgcr%%gk%CE%gg@%é%f%ﬁ““?éﬂIég£ﬁ2%£¥%gégg'

water.
It is known practice to prepare sulphuric
methacrylamide from acetone cyanohydrin and

concentrated sulphuric acid.

This preparation generally comprises the reaction of
acetone cyanohydrin with concentrated sulphuric acid to
give oa-hydroxyisobutyramide and o-hydroxyisobutyramide
sulphate. These two compounds are then heated to give

sulphuric methacrylamide.

Such a preparation is the subject of French patent
No. 1 529 440 in which is described a process with
staging of the introduction of acetone cyanohydrin,
comprising a step in which acetone cyanohydrin is mixed
with sulphuric acid using a sulphuric acid/acetone
cyanohydrin molar ratio at least equal to 1.5, a step
in which the mixture obtained above is subjected to a
dehydration by heating, acetone cyanohydrin is then
added to the reaction medium so as to again have a
sulphuric acid/cyanohydrin molar ratio (of greater than
1) and, finally, the reaction mixture 1is again

subjected to a dehydration by heating.

European patent application No. 226 724 relates to a
process for preparing methacrylamide from acetone

cyanohydrin and concentrated sulphuric acid, in which a



Eur opean patent application No. 226 724 relates to a process!f U N 2006
preparing methacrylam de from acetone cyanohydrln and concentrated

sul phuric acid, in which a 1 1 JAN 1006 - t wo- phase liquid m xture
consisting of an inert, |inear, saturg%ed hydr ocarbon containing fromb5
to 7 carbon atons and acetone cyanohy in are introduced into sulphuric

acid. Europ t applis tion No. 999 200 elates to apparatus and a
process for%?%egﬁggﬁ yi'e |ﬁ§ ?&%&HF?lOﬁOBF tHY1 2t hdttyl e br of

nethacryllcllaéa@,|$ﬁWWW@#e®.bw@tonathma(nemﬂarmpm@adtﬁM1|5 tsed7 for

t he t her mal rs I e éyﬁy ti ar | e, ubI she in the
Russi an joufggﬁ$§huéggmsP??%? é%% e &BH%EVBQZ? gﬁ% %E i% 7-1351,
June 1974, éREPt| €81 Pb&?#@u@Clﬁeactlons occurring in the synthe5|s of

met hyl methacrylate from acetone cyanohydrln and oleunf by A A

M churin, E_ A Sivenkov, E. N Zl"'berman and T. |. Tret'yakova, it is
dennnstrategufﬂaﬁaphep?ESEFloﬁPPBFCéEéPBneN%yan%%%d#@% wekates phtei ¢ aci d

to give a- hpﬁaa&yusobu&yaanude %gkﬁﬁﬁkﬁ pE@yldth@ettfg nya%%ﬁﬁn@Men it
is carried h a 1/ 0 r m_ nol ar 0 in e presence
of ol eum co alnlngog t%g f%%ﬂ§3¥ ﬁﬁ&‘ a&@. RoweVer ,T??hqq?ﬁ¥1?he _
appear ance aoid5|d@lmﬁﬂnhoaspdwmmmgtwme &uﬂ&ﬂqﬂgﬁtrshevbﬁgﬂﬁfﬁbedlt I'S

recommendedg Kk n taining 0-3% sul phur trioxide. The
ai mof the |%€e%$§oﬁﬂ%gmag Sggg%ggggﬂprocess for preparing sul phuric

met hacryl am de which has a high vyield even when a small excess of
sul phuric aghd e translation of the article published in the

Russian journal Zhurnal Prikladnoi Khimii, Vol. 47,
No. 6, pp. 1347-1351, June 1974, entitled “Various
reactions occurring in the synthesis of methyl
methacrylate from acetone cyanohydrin and oleum” by
A. A. Michurin, E. A. Sivenkov, E. N. Zil’berman and
T. I. Tret’yakova, it is demonstrated that the reaction
of acetone cyanohydrin with sulphuric acid to give
o-hydroxyisobutyramide sulphate provides better results
when it is carried out with a 1/2 cyanohydride/oleum
molar ratio in the presence of oleum containing 5 to
10% sulphur trioxide. However, to limit the appearance
of side reactions during the subsequent stoving step,
it is recommended to work with an oleum containing 0-3%
sulphur trioxide.

The aim of the invention is to propose a process for
preparing sulphuric methacrylamide which has a high
yield even when a small excess of sulphuric acid is
used, 1i.e. when the overall sulphuric acid/acetone

cyanohydrin molar ratio is low.

The process according to the invention comprises the

following steps:

a) a mixing step, in which acetone cyanohydrin is
mixed with sulphuric acid which is free of sulphur
trioxide ;

b) a stoving step, in which the mixture obtained above



used, i.e. when the overall sul phuric acid/acetone cyanohydﬂisp@%m;
ratio is low The process according to the invention conprises tl '
followi ng steps: a) a mixing step, in which acetone cyanohydrin is m xed
with sul phuric acid which is free of sul phur trioxide ; b) a stoving
step, in which the m xture obtai ned above of ? 1 JAN 2006 - 3 is

subjected to a gg\?\%‘lg%ﬁééggdbyoh a&éﬂgargg%%ﬁ%ﬁphg;tf ding further acetone

cyanohydrin, in nore acetone tyano iI's”addetl to phe reaction
nedi um wi t Bout2 addiery abr @dlinshufilcthari dicetmmhen thranbkiydging) smot her

stoving step, i{payagC ) i S’%‘%‘% d taq a her d ration
by hea’?i ng; IOe) 0 Wﬂéngﬁlclg%e :)Hnégﬂgﬁenp?gaa dirt o‘r?]lal iéLgt e%%ﬂg?&oféof ﬁ@t{%er
addition of acetehettyanoR§eii f oWiEREH thy adgd ngddimansnal SWERIWRLE st ep;

f) optionally, @&fdpabnstwytRomsteRy;and it is characterized in that

sul phur trigxide is also introduced in step ﬁﬁ}?nd/ or just after this
step ¢) angfor?n%léef]é apPT BT attEeBn oife of e 9t t T XTHE t i ohal
steps of furthesulapklitédnte)a ahatioief usdhydfdteion by sathese step (s) e).

Such a procgss he vant age_of reduci.ng th nunber .and_ext ent
of the si deg?eaécé]?%%ggsf][%’ ad%q io%j%1 - Sbé‘élttﬁié’nﬁ e C?‘ftéeﬁ@r)tl rﬂfe _
reagents that aferpherr adédesiani by arhydneusyafohydiréat fofl lidwed went i on
is also a devicg fQiai CASAY] NG OMnd he S ocess according to the invention.

f) optionally, a final stoving step;

and it is characterized in that sulphur trioxide is
also introduced in step c¢) and/or just after this step
c) and/or, where appropriate, in one or more of the
additional steps of further addition e) and/or just

after this or these step(s) e).

Such a process thus has the advantage of reducing the
number and extent of the side reactions. In addition,
it allows the use of starting reagents that are not

necessarily anhydrous.

A subject of the invention is also a device for

carrying out the process according to the invention.

Other characteristics and advantages of the invention

will become apparent on reading the description which

follows and which is given with reference to the
drawings, in which:

- Figure 1 is a scheme representing the assembly used
to carry out the ©process according to the
invention;

- Figure 2 1is a graph representing the change in
yvield as a function of the sulphuric acid/acetone
cyanohydrin molar ratio for the process according

to the invention and a process of the prior art.



Ot her characteristics and advantages of the invention mﬁllgbédeN 2006
apparent on reading the description which follows and which is given with
reference to the drawings, in which: - Figure 1 is a schene representing

the assenbly used to carry out the process according to the invention; -
Figure 2 is a graph representing the cHarge in vyield as a function of the

2 i's ; the “clfarge in ield ;
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention i s based on the
di scovery t b Lpteaduci.ng |.phur trioxi de j.nto points, of the process
P oo Loy eRtLOHeC R0 BULRILT o | RHLCe RO Sl LIS

that are already ric acrylam de, . . al |y and
al nost i nst antandeashy esvhpbur taibyddexynsobpbynam dd itited process

(x- hydr oxyi sgiut XE@”B%ngg]! ge@@geinaﬂgttl'xg@:tr%/tlgﬁ\ild%t,t §' :issgrp%?%]sgi'sﬁ’lei e

converted into nethacry uring a subsequent ‘stovin

i ntroducti ofCof HAPKHL T | oxPde mlydsE  canphedtanecualyt epaivernt e.

after the pgensdoykPdsobliePradia¥whi chipolnt the, sl pAMd 5 acdAcR! one
cyanohydrin ar ratio NF%IS hhgh1 or alternatively” just after step c) ,
i.e. at theSenNdFei ntRAdbReFohnEr L2th8Tadét RR I AN GTETTed I@tahen t he

sai d ol ar methacrpRamsdé odur Pref £r aibyeqt&er st phungtrioxi de is

introduced only in step c¢c) . According to the invention, it is not

necessary to work w th anhydrous reagents. It is possible to use a
Thus, the introduction of sulphur trioxide may be

carried out in step c), i.e. after the pre-stoving
step, at which point the sulphuric acid/acetone
cyanohydrin molar ratio MR is high, or alternatively
just after step c), i.e. at the end of introduction of
the acetone cyanohydrin, i.e. when the said molar ratio
MR is low.

Preferably, the sulphur trioxide is introduced only in
step c) .

According to the invention, it is not necessary to work
with anhydrous reagents. It is possible to use a
sulphuric acid with a titre of close to 100% without
targeting a specific titre. In addition, an acetone
cyanohydrin of mediocre quality may be satisfactory. It
is possible, for example, to use an acetone cyanohydrin

containing from 500 to several thousand ppm of water.

The sulphur trioxide may be in the form of oleum, which

facilitates its introduction.

The oleum generally contains more than 10% and

preferably more than 15% by weight of sulphur trioxide.

It may advantageously correspond to an industrial
oleum, for example with a titre of 104.5% (H,SO,
equivalent - containing about 20% by weight of free

sulphur trioxide), obtained- on a standard acid



sul phuric acid with a titre of close to 100% w t hout targeli‘néAu Zmﬁci fic
titre. In addition, an acetone cyanohydrin of nediocre quality may be
satisfactory. It is possible, for exanple, to use an acetone cyanohydrin
containing from500 to several thousand ppm of water. The sul phur tri oxide
may be in the formof oleum which facilitates its introduction. The

ol eum gener%%%%§P$EP$Iq; ”DJr}ejté hanOJfO% and pr fl,gyrjgbl y n&g}r%&trg%%é%;% by

wei ght of s rT0Oxi de. may advan?ageorﬁes orr !
i ndustri al mateimgtioinexanpteswi t Bhast isr euopribdns%siH28(M4 ineqlieval ent -

containinﬁpp&g % b [ free I [.Qxi tai.ned on a
st andard gm d 1l 12%5% gg\(%?e%qél?&ge%gr a%?%n%\fér%&;l%g%%y%%ﬁg%h%%cryI ate
manuf act ur iPHPpFeRELRD ThhS iWPes@ibr pBi 9 esimckeads the ingeirderdmg

especi al | y 49ud he-abovenenti oned Russian publication, the use of an ol eum
| eads to interfering side reactions. The amount of ol eum added is |ess
than 10% by weight relative to the total charge of acetone cyanohydrin
and of sulqwrasoanatd.ofl tolsupr eligeablis bpséyeennd% and SBy kRligthitve to
this total charge. Thus,. such

with |ow nolareTafs os° I\)Hl%nﬁoﬁlﬁﬂ\g 5%%%gggﬁ%ncéggteggﬁﬁagg%g#%g% t: lzoiattei on
probl ems, priecéséplubecaasad.helt ol@upreferapegt e taflesr p?ﬂds'st%vi ng
o hyr oxyi Semiry o Ge T NEAHS Deen Conver ted into
met hacryl am de. Furthernore, no particular exothermcity is produced at
Thus, such injected oleum contents remain compatible
with low molar ratios MR and do not pose any viscosity
or crystallization problems, precisely because the
oleum is injected after a pre-stoving step, i.e. at a
point at which there is already a portion of
o-hydroxyisobutyramide sulphate that has been converted

into methacrylamide.

Furthermore, no particular exothermicity is produced at
the point of injection of the oleum, contrary to the
case in the prior art in which the oleum is added

directly to the acetone cyanohydrin.

No crystallization is observed either, which would be
due to the rise in the content of
a-hydroxyisobutyramide sulphate, which conventionally

occurs when oleum is injected before the pre-stoving.

According to the invention, the sulphur trioxide is
generally injected in slight deficit relative to the
a-hydroxyisobutyramide to be converted into
o-hydroxyisobutyramide sulphate. This deficit may
correspond to a sulphur trioxide/o-hydroxyisobutyramide

molar ratio of less than 1 and of the order of 0.8-0.9.

As a result, there is never any free sulphur trioxide
in the reaction medium (outlet of step c). This has the

advantage of limiting the side reactions associated



the point of injection of the oleum contrary to the caselih JANe2§g6i or
art in which the oleumis added directly to the acetone cyanohydrin. No
crystallization is observed either, which would be due to the rise in the
content of a-hydroxyi sobutyram de sul phate, which conventionally occurs
when oleumis injected before the pre-stoving. According to the invention,

t he sul phur I oxj,de J  1.y: 1.n] ect j | i iLcit relative to
t he a-Eydr%%%?séb%tfpgﬁﬁ%gnﬁg c%%é%%ve%%éék%#ﬁﬁy gﬂ%y%ﬁ%&%?éS@Uf@%anide
sul phate. Thigelleyia¢ryhapideorpebpone 2od apslypeus .

tri oxi de/ a- hydr oxyi sobutyram de nolar ratio of less than 1 and of the
order of 0.8-0.9. As a result, there is never any free sul phur trioxide
in the reacdtfoNrAE ub? (&l étventdosp Ohe Tekehakathe MBdvENSERP of
limting the) siide geestdns assecitiad 1.7 IAN 2006rvihb1 {heeqyldiir
trioxide, eipﬁgial y tpf formation of dimethylacrylam de, sultone and
pol ymers. Actot di to’? he invention, the nolar ratio MRin step c) is
generally less than 1.7 and preferably between 1.15 and 1.35. As regards

t he assenbl y_t e Lr t .the,  process, according to the
i nvention, Z%/? ggﬁgrrgil%l %ﬁééc.)%r%rsfa}s{lgg%} itno sﬁ%célssseidgn:to- S s?uﬁi )Flhr?g
react or Ra,process$iraccerdihgg rteacttdre Rbinvent serondifi xigegrereddtyor Rc

conprising deans; §0&  {AtseduciHg,Acet one cyanohydrin, a second stoving
reactor Rd, optionally, one or nore additional mixing reactor(s) followed

by an addittondl &K fgxing reactor Ra,
- a first stoving reactor Rb,

- a second mixing reactor Rc comprising means for

introducing acetone cyanohydrin,

- a second stoving reactor Rd,

- . optionally, one or more additional mixing
reactor (s) followed by an additional stoving
reactor, and

- optionally, a final stoving reactor Re,

and is distinguished from a conventional assembly in

that it also comprises means for ”introducing sulphur

trioxide into reactor Rc and/or at the outlet of this
reactor and/or, where appropriate, into one or more of
the additional mixing reactors and/or at the outlet of

this or these additional reactor(s).

When the assembly comprises additional mixing reactors,
each of these reactors is followed by an additional

stoving reactor.

Figure 1 1is a diagram illustrating a simplified
assembly that may be used to carry out the process

according to the invention.
The process according to the invention is generally
performed in continuous mode, which may be described as

follows.

Sulphuric acid is introduced via line 1, and acetone



reactor, and - optionally, a final stoving reactor Re, anp ]| ?A 0
di stingui shed froma conventional assenbly in that it also o”p?q ges
means for introducing sul phur trioxide into reactor Rc and/or at the
outlet of this reactor and/or, where appropriate, into one or nore of
the additional mxing reactors and/or dt the outlet of this or these

addi ti onal n the asse y .CO i ses, additional m xing
reactors, %g%ﬁgg&g%gs\é)q%ealc]t oersg ?SE{B%I I6dvve et%jy "Sé)n g Tri ﬁace st'dvi ng
reactor. FigepeteriBaa diagramillustrating a sinplified assenbly that
may be used to carry out the process according to the invention. The
process according to the invention is generally perfornmed in continuous
node, whi chThay Hectdeser pPheaingd fid | HeRCt SNl PRurit asfgorycedt roduced vi a

line 1, andiagetaneidtd JEALEOL6RDL,7 wHaHRNAIWAT bhe VEBoL i AS s2edNdy 6. Step
a) takes place in _reactor Ra. The m xture obtained in reactor Ra is

i ntroduced ¥#%®SIPABC&-into reactor Rb, where the pre-stoving step b)

t akes place. The internedi ate product obtained in step b) is then

i ntroduced" .yia _line Sd'.nto reac with fresh

or., Rc, .where it is. mxed
acet one cyahonydfiis AR ity BFe ??%eObéa&ﬁl(?,%l wher gtﬁﬁp@pr t5t PSRt h
pl eum arri vin‘grdeCGdne{ﬂa Theem Xt umecobtaanedri Ra easthereRcit s tdhen
i ntroduced mYk@dlhﬁ%hgffgéhré%ggéHeFﬁyanohydrin arriving via line

6 and, where appropriate, with oleum arriving via line
7.

The mixture obtained in reactor Rc is then introduced

via line 9 into reactor Rb.

Where appropriate, oleum is added via line 8 into the

mixture leaving reactor Rc.
The stoving of step d) takes place in reactor RAd.

Where appropriate, reactor Rd may optionally be linked

to a final stoving reactor Re.

After the stoving, the methacrylamide sulphate is
withdrawn from reactor Rd or, where appropriate, from
reactor Re, and is used to manufacture

methylmethacrylate or methacrylic acid.

The mixing reactors usually operate at a temperature of
between 85 and 105°C and preferably between 90 and
95°C.

The stoving reactors usually operate at a temperature
of between 120 and 145°C and preferably between 120 and
140°C.

According to one preferred embodiment of the invention,
at least one of reactors Rb, Rd and optionally Re is a



VWhere appropriate, oleumis added via line 8 into the mxture |eaving
reactor Rc. The stoving of step d) takes place in reactor ? Yﬂ&{
appropriate, reactor Rd may optionally be linked to a fina L amm
reactor Re. After the stoving, the methacrylam de sul phate is wthdrawn
fromreactor Rd or, where appropriate, from reactor Re, and is used to
manuf acture... y rylate or nmethacrylic acid. The m xing reactors
usual |y Opepé§§5ﬁ Irg‘E;liclgrgr)%erature of between 85 and 105C and preferably
between 90 and 95C. The stoving reactors usually operate at a tenperature
of between 120 and 145C and preferably between 120 and 140C. According to
one preferr@ﬂ;@ﬁﬁﬁﬁlnent of the invention, at |east one of reactors Rb,
Rd and optionally Re is a |l ) JAN 2006 piston reactor. Exanples The
exanples that follow illustrate the invention wthout, however, limting
its scope. APP t RENBLES mépétcarHL%@Wbuﬂ¥¥¥%£¥%§§Seﬁﬁﬁy avengimer at ed

in Figure lwitheuteadbaevBa, wasmatshyried pasketed reactor (with a volune
of about 270 m). Reactor Rb was an electrically heated piston reactor
(with a volune of about 60 nml). Reactor Rc was a stirred jacketed reactor
(with a voRlie theaboutt30Wears . dlgadiedr Rdtwasnanagl egésémelyy deat ed

pi st on reacggiuSQ@gEQdaixokygﬁrgf1gbout 36 m).

The reactor Ra was a stirred jacketed reactor (with a
volume of about 270 ml).

Reactor Rb was an electrically heated piston reactor
(with a volume of about 60 ml).

Reactor Rc was a stirred jacketed reactor (with a
volume of about 300 ml).

Reactor Rd was an electrically heated piston reactor

(with a volume of about 36 ml).

A jacketed piston reactor Re (not shown) (with a volume
of about 240 ml) was connected to the outlet of reactor
Rd.

The main characteristics of the tests were as follows:

- the reaction took place continuously over two
stages, plus final stoving;

- the acetone cyanohydrin was distributed over the
two stages (staged feeding with acetone
cyanohydrin) ;

- the molar ratio MR was adjusted by wvarying the
amount of acetone cyanohydrin introduced into
reactor Rc;

- the flow rate of 100% sulphuric acid was kept
constant at the inlet of Ra (about 570 g/h) and it

was the flow rate of acetone cyanohydrin which was



A jacketed piston reactor Re (not shown) (with a volunme _of aboui 40 m)
was connected to the outlet of reactor Rd. The nain chanidf dANs20bs of
the tests were as follows: - the reaction took place continuously over two
stages, plus final stoving; the acetone cyanohydrin was distributed over
the two stages (staged feeding with adefone cyanohydrin); - the nolar

rati o MR was ad] y ! t t _of eLone nohydr.i n

i ntroduced i nt gé&@esg% %raégééy(?glggffggwt?%?eﬂo aqld\glgm sﬁf’%ﬁﬁ‘%?c a&ciq:a“?/vas kept
constant at theutlet @f MRef{abogadd gidh) and it was the flow rate of
acet one cyanoh in i ri Jd:3JAN: - dj ordi.ng to
the final MR t;érjjg{géet egﬁéﬁaﬁﬁg% ou‘%1 %agtl ,o:‘\dlf)t%%%on ?’85%»[ olrjlﬁ%g;guﬁcg Slcji%yghuri C
acid titres werRCYRIHskReRE By (Frtashtyidretgsdius Jadngtifde)adi um hydr oxi de) ;
the contents oftHorpedeBheducis WekpeREasHE@tOyY HRC ndgstirdd by
(conparative) In this test, the ratio in reactor Rc was 1.60; the

acet one cyanoh)}FH'3 i{9r was distributed in the fol | ow ng manner: 70%in
reactor Ra and 30%in reactor Rc. The other conditions are collated in the

fol |l owi ng {abl e eact or RaRbRcRdRe MR2. 271.61.6
est 1 (cComparative)

In this test, the ratio MR in reactor Rc was 1.60; the
acetone cyanohydrin was distributed in the following

manner: 70% in reactor Ra and 30% in reactor Rc.

The other conditions are collated in the following

table.
Reactor
Ra Rb Rc Rd Re
MR 2.27 1.6 1.6
Temperature 90 120 90 135
in °cC
Residence 38 5 30 2.5 24
time in min

Test 2 (invention)

In this test, the ratio MR in reactor Rc was 1.50; the
acetone cyanohydrin was distributed in the following

manner: 70% in reactor Ra and 30% in reactor Rc.

Oleum with a titre of 104.5% was introduced at a rate

of 45 g/h via line 7 into reactor Rc.

The other conditions are collated in the following
table.

Reactor
Ra Rb Rc R4 Re
MR 2.13 1.5 1.5 °




Tenper at ure 9012090135 in C Resi dence 385302.524 time in hih JANs2008
(invention) In this test, the ratio MRin reactor Rc was 1.50; the
acet one cyanohydrin was distributed in the following nanner: 70%in
reactor Ra and 30%in reactor Re. Deumwth a titre of 104.5% was

I ntroduced at a rate of 45 g/h via1ife 7 into reactor Rc. The ot her

condi tions nt fofTo g [table. actor VR 2131 Rb Rc
1.5 Rd Re 1ég§%§§£%§$?%006 -qu Ten%%@ature9%§209 135 inkf%5
Resi dence3853021822Ctinelin nin Tests 3 (¢onparative), 3a (inventioh) and

A

3b  (inventioRgsidence 38 5 30 2.5 24
time in min

Tests 3 (comparative), 3a (invention) and 3b

(invention)

In these tests, the ratio MR in reactor Rc was 1.30;
the acetone cyanohydrin was distributed in the
following manner: 70% in reactor Ra and 30% in reactor
Rc.

In test 3a, oleum with a titre of 104.5% was also
introduced at a rate of 45 g/h via line 8 at the outlet

of reactor Rc.

In test 3b, oleum with a titre of 104.5% was introduced

at a rate of 45 g/h only via line 7 into reactor Rc.

The other conditions are collated in the following

table.
__Reactor
Ra Rb RC Rd Re
MR 1.84 1.30 1.30
Temperature 90 120 90 135-140
in °C

Regsidence 38 5 30 2.5 24

time in min

Tests 4 (comparative) and 4a (invention)

In these tests, the ratio MR in reactor Rc was 1.20;
the acetone c¢yanochydrin was distributed in the
following manner: 60% in reactor Ra and 40% in reactor
Re.

In test 4a, oleum with a titre of 104.5% was also



In these tests, the ratio MR in reactor Rc was 1. 30; the’aﬁqﬂﬂpqgm
cyanohydrin was distributed in the following manner: 70%ih Teactor Ra
and 30%in reactor Rc. In test 3a, oleumwth a titre of 104.5% was al so
introduced at a rate of 45 g/h via line 8 at the outlet of reactor Rc. In
test 3b, oleumwith a titre of 104.5%%¥as introduced at a rate of 45 g/h
only via line_7 i.nto.reactor Rc. The other conditions are collated in the
following tabFadusedcpbr @ %ﬁclﬁ#;eﬁ(\)/@lﬁéiﬂ%oa.l@@ Terpe&Patfids tor
9012090135-240 in C Residence 385302.524 tine in mn Tests 4 (conparative)
and 4a (invention) In these tests, the ratio MRin reactor Rc was 1. 20;

t he acetone cyanohydrin was distributed in the follow ng manner: 60%in
reactor Ra &hé 409h¢n rasauiidriorRe. are t estldaedol dum wie h fpltlidwiengf
104. 5% was algps! t JAN 2006 - 11 introduced at a rate of 45 g/h via line
7 into reactor Rc. The other conditions are collated in the foll ow ng
tabl e.

Reactor
Ra Rb | Rc Rd Re
MR 1.99 1.20 1.20
Temperature 90 120 95 140
in °C
Residence 38 5 30 2.5 24
time in min

Tests 5 (comparative) and 5a (invention)

In these tests, the ratio MR in reactor Rc was 1.10;
the acetone cyanohydrin was distributed in the
following manner: 60% in reactor Ra and 40% in reactor
Rc.

In test b5a, oleum with a titre of 104.5% was also
introduced at a rate of 49 g/h via line 7 into reactor

Rc.

The other conditions are collated in the following

table.
Reactor
Ra RDb Rc Rd | Re
MR 1.83 1 1.10 1.10
Temperature 90 120 | 95 140
in °C
Residence 38 5 ’ 30 2.5 24
time in min




React or RaRbRcRdRe MR1. 991. 201. 20 Tenperature 9012095140 i n‘ C Resi dence
385302. 524 tinme in mn Tests 5 (conparative) and 5a (invent dnJANrZM&ese
tests, the ratio MR in reactor Rc was 1.10; the acetone cyanohydrin was
distributed in the follow ng manner: 60% in reactor Ra and 40% i n reactor
Rc. In test 5a, oleumwith a titre of 494 5% was al so introduced at a
rate of 49 lQ/h ¥'a line 7 into reactor Rc. The other conditions are
collated i n—E—ﬁg—EI | owi ng table. Reactor RaRbRcRdRe MR1.831.101. 10
Tenperature 9012095140 in C Residence 385302.524 time in mn | 1 JAN 2006

- 12 Resul tfhghgne@}ahcq:%/rlyalmai@edey S ldgs c?kg?ééa:{r?gcg i a!a!tlt ht:ehé esctessts

carried out were calculated.

The results are given in the following table.

Tests MR j Oleum % yield
1 1.60 _no 91.50
2 1.50 | yes 92.24
3 1.30 | no 91.04
3a 1.30 ; yes 91.45
3b 1.30 ; yes 91.59
4 1.20 j no 90.05
4a 1.20 % yes 90.34
5 1.10 | no 87.31
5a 1.10 | yes 87.34

The curve in Figure 2 shows |the change in yield as a

function of the molar ratio M@ in reactor Rc.



carried out were calculated. The results are given in the foI;EﬁA tabl e.
Test sMRA eunfoyield 11. 60n0o91. 50 21.50yes92. 24 31. 30n091l. d413 é@@@

3bl. 30F yes91.59 41. 20n090. 05 4al. 20yes90. 34 51. 10no87. 31 5al. 10yes87. 34
The curve in Figure 2 shows the change%én yield as a function of t

molar ratio MRin reactor Rc. 1 1 JAN

“13 CLAl S 1. Process for

preparing sul phuric nethacrylam de, ~£p éISIng a) a mxing step,
whi ch acet one cyanohydrin is m xed ul phuric acid which is fr
sul phur trioxide ; b) a stoving step, in mhlch the m xture obtained above

s91. 45
he

in
ee of

I's subjected. to a-debydrakbon Byepealhfo; AnBA e 4 L her
acet one cyanohydan I n which ﬁb?% ace oﬁglc ano yd??nl? J‘ to t he
reaction medi um CAMPR&EENEddi ng nore sul phuric acid, and with mixing; d)

anot her stoving sfep, mikiwd rdde mX\RrHi@hl Scetbhkect a/%@zo@g/c?mfnufwer
dehydration by heati

further

sulphur trioxide ;

b) a stoving step, in which the mixture obtained
above is subjected to a dehydration by heating;

c) a step of adding further acetone c¢yanohydrin,
in which more acetone cyanohydrin is added to
the reaction medium, without adding more
sulphuric acid, and with mixing;

d) another stoving step, in which the mixture is
subjected to a further dehydration by heating;

e) optionally, one or more additional step(s) of
further addition of acetone cyanohydrin
followed by an additional stoving step;

f) optionally, a final stoving step;

characterized in that sulphur trioxide is also

introduced in step c) and/or just after this step

c) and/or, where appropriate, in one or more of

the additional steps of further addition e) and/or

just after this or these step(s) e).

Process according to Claim 1, in which the sulphur

trioxide is introduced in the form of oleum.

Process according to Claim 2, in which the oleum
contains more than 10% and preferably more than

15% by weight of sulphur trioxide.

Process according to Claim 2 or Claim 3, in which
the amount of oleum added is 1less than 10% by
weight relative to the total charge of acetone

cyanohydrin and of sulphuric acid.

Process according to Claim 4, in which the amount

of oleum added is between 3% and 5% relative to

n tionally, one aor. nore ditional step(s) of
addi tion ofmégﬁgoh% E@ rﬁ#%Rﬂ mic acid whic free” of



foll owed by an additional stoving step; f) optionally, a f4 Qa%ﬁtﬁﬁb ng
step; characterized in that sul phur trioxide is also introdu step
c) and/or just after this step c¢) and/or, where appropriate, in one or
nore of the additional steps of furth addition e) and/or just after
this or these step(s) e). 2. Process actording to Claim1l, in which the
sul phur trioxide,Ls | d din the formof ol eu . .Process according
to Caim2, in V\EF%I’] '%C?}'[e"’{l& g&%rggon?gi PTG t ﬁé{ﬁn%%%gﬁ& pfBferdbly nore
than 15% by wei ghipbtrsal phud.tri oxide. 4. Process according to Claim?2
or Claim3, in which the anobunt of ol eum added is | ess than 10% by

wei ght relative to the total charge of acetone cyanohydrin and of

sul phuric atid. BYOPPoE e EeHME n§Ot O aioh 4C1ahmahi khtcheSanount  of

ol eum added is behyern c3% andh 5%+ el at by eato ils 1 JANZ0081 - o34+ tfie total
charge of acetone cyanphydrin and of sul phuric acid. 6. Procegs accordi ng
to one of dai msS‘ielgoC)s, in which the sul phur trioxide is introduced only
in step c). 7. Process according to Claim6, in which the sulphuric

aci d/ acetone cyapghydrin nolar .ratio_in step c)_ is less than 1.7. 8.
Process accg'rdi ﬁgr? ST ai AEFOTHANGNI R tﬁ‘glalérhl phur i i:nac?”%lllg t g
cyanohydrin nol asulpbuoi¢nacstigpcefons hgtamedtydrith mobad. 3518, iPfocess
according to onegOi, QAIE 140 BnakM . 7,

8. Process according to (Claim 7, in which the
sulphuric acid/acetone cyanohydrin molar ratio in
step c¢) is between 1.15 and 1.35.

9. Process according to one of Claims 1 to 8, in
which step b) and/or step d) is/are carried out in

a piston reactor.

10. Device for carrying out the process according to
one of Claims 1 to 9, comprising, in succession:

- a first mixing reactor Ra,

t

a first stoving reactor Rb,

- a second mixing reactor Rc comprising means for
introducing acetone cyanohydrin,

- a second stoving reactor Rd,

- optionally, one or more additional mixing
reactor(s) followed by an additional stoving
reactor, and

- optionally, a final stoving reactor Re,

characterized in that it also comprises means for

introducing sulphur trioxide into reactor Rc
and/or at the outlet of this reactor and/or, where
appropriate, into one or more of the additional
mixing reactors and/or at the outlet of this or

these additional reactor(s).

11. Device according to Claim 10, in which at least

one of reactors Rb, Rd and optionally Re is a



whi ch step b) and/or step d) is/are carried out in a piston r or. 10.
1t SN0

Device for carrying out the process according to one of to 9,
conprising, in succession: - a first mxing reactor Ra, - a first stoving
reactor Rb, - a second m xing reactor Rc conprising neans for introducing
acet one cyanohydrin, - a second stovi reactor Rd, - optionally, one or

nor e addi tional gti:glg réaaagégr(s) foll owed by an additional stoving
reactor, and - oépflonaﬁy, a2 final stavi ng reactor Re, characterized in
that it also conprises nmeans for introducing sul phur trioxide into
reactor Rc ;pand/@L.at 4 h . of ' of . and/or:

appropriate, into %nzao%rg}lrg %hﬁct %éég{fzi{ﬁgaﬁ%ﬁ%e mggit%énlg\ggggr sthaend/ or at
the outlet of tHECERSSt REsOrEddict i bpaloneactor{syimd1.1 Dewi c®, adoor di ng
to Gaiml10, in wehsdtutashecRPE OhekRACLPTSRD, JRU gnRGoRLIANA Iy Re
is al i JAN 2008 - 15 pi sto% lﬁgact o?. 12.9Use of Osul g%urhl C y1 ¥

nmet hacryl am de Mt ned by the process according to one of Clains 1 to 9,
to manufacture nmethyl nethacrylate or nethacrylic acid. PROCESS FOR

PREPARI NG SULPHURI C METHACRYLAM DE AND DEVI CE FOR | MPLEMENTI NG I T



ABSTRACT The invention relates to a process for prepari nqytsjAN)ﬂﬂ% C

nmet hacryl am de from acet one cyanohydrin. This process for-preparing

sul phuric nethacryl am de conprises: a) a mxing step, ‘in which acetone
cyanohydrin is mxed with sul phuric acid; b) a stoving step; c) a step of
addi ng further acetone cyanohydrin:; d) another stoving step; e)
optionally, one or nore additional §igp(s) of further addition of acetone
cyanohydrin followed by an additional stoving step; and f) optionally, a
final stoving st idg | ' i t ok deyh S al so

i ntroduced in st%?cc%gsan@%%\%%fgggﬁ] #g{%gﬁq ﬁ%@%ﬂa‘%@% V@g?e
appropriate, in one or nore of the additional steps of further addition
e) and/or just after this or thes@BsI®a(CI) e). The invention also relates
to a device for carrying out this process. (cf. Fig. 1)

The 1invention relates to a process for preparing

sulphuric methacrylamide from acetone cyanohydrin.

This process for -preparing sulphnuric methacrylamide
comprises:
a) a mixing step, in which acetons cyanohydrin is

mixed with sulphuric acid;

b) a stoving step;

c) a step of adding further acetone cyanohydrin;

d) another stoving step;

e) optionally, one or more additional step(s) of

further additicn of acetone cyanchydrin fcllowsd

cy an additicnal stowving step; and

th

cpticnally, a final stoving step.

it 1is characterized in that sulphur trioxide is alego
introduced in step c¢) and/or just after this step c
and/or, where appropriate, in one cor more of the
additicnal steps of further addition e) and/or just

after this or these step(s) e).

The invention also relates to a device for carrying out

this process.

(cf. Fig. 1)





